The aim of this research is to investigate the effects of different thermoplastic starches and starch contents on the physico-mechanical and morphological properties of new polymeric-based composites from low density polyethylene (LDPE) and thermoplastic starches. Different compositions of thermoplastic starches (5-40 wt%) and LDPE were melt blended by extrusion and injection molding. The resultant materials were characterized with respect to the following parameters, i.e., melt flow index (MFI), mechanical properties (tensile, flexural, stiffness and impact strength) and water absorption. Scanning electron microscopy (SEM) was also used in this study for evaluating blend miscibility. MFI values of all blends decreased as the starch content increased, while the sago starch formulation showed a higher MFI value than others. The incorporation of fillers into LDPE matrix resulted in an increased in tensile modulus, flexural strength, flexural modulus and slightly decreased tensile strength and impact strength. However, sago starch filled composites exhibited better mechanical properties as compared to other starches. The SEM results revealed that the miscibility of such blends is dependent on the type of starch used. The water absorption increased with immersion time and the thermoplastic sago starch samples showed the lowest percentage of water absorption compared with other thermoplastic starches.
Introduction
With an inevitable increase in the price of petroleum and severe environmental pollution caused by nonbiodegradable petroleum-based polymer materials, there is an urgent need to develop environmentally benign materials from renewable resources. The research and development of novel biodegradable materials mitigate growing environmental threats and concern over the costs and uncertainty of the petroleum supply [1, 2] . Among many kinds of renewable polymers, starch is one of the most studied and promising materials for biodegradable plastics because of its low cost, its renewability, it is fully biodegradable and it has been widely used to make biodegradable materials, such as composites of starch/LDPE [3, 4] , starch/Poly caprolactone (PCL) [5, 6] , and so on.
Starch, the principle carbohydrate constituent of most plant materials, merits a detailed investigation to better understand its biochemical and functional characteristics as well as its variations. Extensive research has been conducted on the structure and functional properties of the main starches of commerce, such as sago, corn, potato, tapioca and wheat, due to their ready availability and their extensive utilization in food and non-food applications [7] . Starches from different sources vary, particularly in their qualitative and quantitative make up, as well as in some of their physicochemical and functional properties. Identification of native starch sources is required for desired functionality and unique properties [8] . The physical properties of starch granules have been determined by the fine structure of the polysaccharide and the percentage distributions of amylose and amylopectin [9] . The content of amylose and amylopectin in starch varies and largely depends on the starch source. Typically, the amylose content is between 18% and 28% [10] . Some chemical compositions of different types of starches are listed in Table 1 [11] .
Recently starch has received attention for use as filler in the polymer industry due to its high elastic modulus, which is known to be at least twice that of low density polyethylene (LDPE), the potential in elimination of blocking and static build up and its biodegradative properties [12] . The first commercial venture involving polymer and whole starch grains as fillers was as starch extended LDPE blown film for carrier bags [13] . LDPE was used in a huge scale for package and production of bags, composites and agricultural mulches [14] . The high degree of short-and long-chain branches characteristic of the LDPE molecule inhibits their ability to crystallize. This results in a flexible product with a low molecular weight and increased ductility [15] . The high degree of branching with long chains gives molten LDPE unique and desirable properties. Microorganisms catabolized the end chain of polyethylene. Polyethylene is the hydrophobic polymer with high molecular weight; degradation of polyethylene takes 100 years in nature [16] . LDPE has a kind of carbon-carbon linkage that microorganisms cannot degrade easily. The blending of biodegradable polymers, such as starch, with inert polymers, such as polyethylene, has received considerable attention because of the possible application of this technique in the waste disposal of plastics. The logic behind this approach is that if the biodegradable component is present in sufficient amount, and if it is removed by microorganisms in the waste disposal environment, then the base inert plastic should slowly disintegrate and disappear [17] .
As starch itself has poor mechanical and thermal properties, it requires chemical modification, addition of plasticizer, or blending with synthetic polymers [18] . It is also to be noted that polymers like LDPE, linear (LLDPE), polypropylene, etc., are hydrophobic in nature, and the hydrophilic nature of starch results in poor miscibility, which reduces the elongation, tensile strength and impact properties of the composites [19] . The addition of a plastifying agent, mainly glycerol, will enhance the compatibility of LDPE/starch-based blend system and is also usually susceptible to microbial attack [20] . This leads to physical embrittlement of the polymer, leaving a porous and mechanically weakened polymer. Plasticizers also reduce the brittleness of the film by interfering with the hydrogen bonding between the lipid and hydrocolloid molecules and increase film flexibility due to their ability to reduce internal hydrogen bonding between polymer chains while increasing molecular volume [21, 22] . In this study, glycerol is used as a plasticizer in order to modify the LDPE, as well as processing aids during the extrusion and injection molding process. The aim of this work was to relate the mechanical properties, morphology and water absorption of starches from different botanical sources (sago, corn, potato, tapioca and wheat) to the properties of molded composites obtained from these starches.
Materials and methods

Materials
Low-density polyethylene (LDPE) pellets obtained from Petlin (Malaysia) Sdn. Bhd., Kuantan-Kuala, Kerith, Malaysia were used as a polymer matrix. Its melt flow index (MFI) and density as reported by the manufacturer were 3.3 g/10 min (190°C/2.16 kg) and 0.938 g/cm 3 . Thermoplastic biodegradable starches were respectively, prepared from sago, corn, potato, tapioca, and wheat starch. Sago starch as filler used in this study was food grade biopolymer. It was supplied from local supplier, G-Far Sago Keropok Enterprise, Batu Pahat, Johor, Malaysia. Other starches were also utilized in this work and obtained from Sigma Aldrich, Petaling Jaya, Selangor, Malaysia. Glycerol: [C 3 H 5 (OH) 3 , M w = 92 g/mol] was purchased from Sigma Aldrich, Petaling Jaya, Selangor, Malaysia.
Methods
Preparation of the blends
All the materials were dried at 80°C under a vacuum oven to decrease moisture content for 24 h before being used. Thermoplastic starches were prepared by melt-processing of starch and glycerol at a ratio of 10:3 by weight according to previous studies on the optimized ratio [23] . In this study, five types of starches (sago, corn, potato, tapioca and wheat) were selected for the preparation of LDPE/thermoplastic starch composites, and the detailed compositions of prepared samples is listed in Table 2 . Glycerol was added to the blends as a plasticizer to increase the compatibility of starch and LDPE, which also subsequently reduced the brittleness of the samples. The mixtures were stored under airtight conditions for a day until starches were swelled. Thermoplastic starches were melt-blended with LDPE at different starch loadings (5-40 wt%) in a Brabender twin screw extruder (Model: TSE 20, GmbH & Co. KG, Germany). The mixing was done at a rotor speed of 80 rpm and temperatures were set at 150°C/150°C/140°C/140°C from feeder to die [24] . Initially, the LDPE was allowed to melt for 2 min, and then the filler was added. Mixing was continued for another 4 min. The native polymer was also masticated under the same conditions. The extruded strands were air-cooled and then pelletized by a pelletizer. After being oven-dried at 80°C for 24 h, the granules were injection molded into standard mechanical test specimens using an injection molding machine (Toyo, model: Si180iii-E200, Japan). Barrel temperature and clamping force were set at 160°C and 180 T, respectively, for each blend and their composites.
MFI measurements
The MFI of various samples was measured by using a Dynisco melt flow indexer according to ASTM-D 1238-01. A load of 2.16 kg and temperature at 190°C were used in this measurement.
Determination of the mechanical properties
Tensile properties such as tensile strength, tensile modulus and bending properties like bending strength and bending modulus were determined using a Shimadzu Universal Testing Machine (Model AG-1, Japan) with an electronic load cell of 5 kN and 1 kN according to ASTM-D 638-03 and ASTM-D 790 standards, respectively [25] . A crosshead speed of 10 mm/min and gauge length of 50 mm were used to carry out the tensile test. By contrast, flexural tests were conducted at a crosshead speed of 1.3 mm/min and span length of 50 mm. Notched Izod impact strength was determined using an Izod impact machine (Toyo Seiki Co., Japan) according to ASTM-D 256 standard. The sample dimensions were 63.5 × 12.7 × 3 mm. Test samples were conditioned at 25±2°C and 50±5% relative humidity for several days before testing and all of the tests were performed under the same conditions. All of the results were taken as the average values of five samples.
Scanning electron microscopy
The blends were characterized using scanning electron microscopy (SEM, model Seizz, Evo 50). The fracture ends of the tensile specimens were mounted on aluminum stubs and were sputter coated with a thin layer of gold to avoid electrostatic charge during examination.
Water absorption test
For water absorption experiments, five samples from the same group were used to establish the average values of water absorption for each group. Samples of each material were cut into squares of 7.5 cm × 2.5 cm, dried in a vacuum oven for 6 h at 80°C and then immediately weighed to the nearest 0.0001 g. The conditioned specimens were rested on their edge and completely immersed in a container of distilled water (ASTM-D 570) for 30 days. After this period of immersion, samples were removed from the water at fixed time intervals, wiped with a dry cloth to remove surface water and weighed to the nearest 0.0001 g. The samples were then returned to the distilled water. Thereafter, the samples were weighed at fixed time intervals for 30 days.
Results and discussion
MFI behavior
The main objective of the MFI measurements is to verify the extrusion rate of materials. The MFI values of different blends recorded during the MFI tests are given in Table 3 . Results show that the MFI value of native LDPE was 2.85 g/10 min and increased to 3.21 g/10 min The presence of filler will disturb the normal flow of the composites melt and hinder the mobility of the chain segment in the flow. At higher filler loading, the flow of the composite melt was disturbed and the resistance to flow of the composites became higher, which contributed to lower MFI of the composites. At 5% filler loading, LDPE/starch composites with glycerol exhibited higher MFI compared to the composites without glycerol. The incorporation of glycerol into LDPE/starch composites at 5% starch loading decreased the viscosity of the composites and improved their flowability.
In general, an increase in MFI values indicates better molecular motion between polymer chains. The interfacial bonding between the hydrophobic polymeric matrix and the hydrophilic starch is poor. The plasticizer, glycerol, enhanced the interfacial bonding between the matrix and filler, which allowed the composites melt to exhibit better flow properties. The composites with glycerol showed lower viscosity that would offer ease of processing.
Mechanical properties of the composites 3.2.1 Tensile properties
Tensile strength, which is a measure of the resistance to direct pull, is of importance in machinability and packaging applications. The tensile strengths of native LDPE plasticized and unplasticized composites with respect to starch loading as a function of different starches are illustrated in Figure 1 and Table 4 , respectively. Obviously, the tensile properties are highly dependent on the starch content. Results showed decreasing tensile strength when starch content was increased compared to native LDPE. The tensile strength of native LDPE was found to be 7.23 MPa. In general, decreased tensile strength with increased filler loading was not surprising [27] . Although lower tensile strength was observed for plasticized composites compared with native LDPE, this decrease was smaller than that of the unplasticized composites. The absolute value of tensile strength for all plasticized composites was higher than that of unplasticized composites. The stronger hydrogen bonding between LDPE/starch and plasticizer molecules could favor the desired starch/LDPE interactions instead of the intermolecular and intramolecular within the LDPE or starch molecules, thus improving the compatibility between LDPE and starch, which resulted in a higher tensile strength. The increase of tensile strength with the addition of plasticizer decreased the interactions between the LDPE and starch, and increased the mobility of the LDPE/starch chain segments. As shown in Figure 1 , the LDPE/thermoplastic sago starch (LPTS) composites had higher tensile strength (6.65 MPa) than other starches. The excellent tensile strength of LPTS composites was mainly due to the sago starch containing the highest amylose content compared to other starches. Tensile modulus is frequently used as a marker to evaluate the rigidity of polymeric materials, and is used as such here. Figure 2 and Table 4 shows the tensile modulus for plasticized and unplasticized composites against starch content as a function of different starches, respectively. Tensile modulus of the plasticized and unplasticized composites increased with starch loading, however, there was a decrement from 30% to 40% starch loaded composites. The increased in modulus was observed because as starch content is increased, filler-filler interaction becomes more pronounced than filler-matrix interaction. Again, the increased modulus corresponds to more filler where its intrinsic properties as a request agent exhibit high stiffness compared to polymeric material. This is in agreement with the result reported by Ardhyananta et al. [28] . The composite samples became more rigid and stiffer than composites without starch. Starch granules are stiffer than the LDPE matrix in which they are dispersed. In general, modulus is closely related to the hard domain of the material. As the starch content increased, the hard domain also increased, as well as the modulus of the blend. As starch is partially crystalline, there was possibility of increasing modulus attributed crystallinity. Crystallinity brings about an increase in modulus. Incorporation of crystalline starch into binary PE-starch blends shows an increase in modulus with increasing starch content [29] . Thermoplastic sago starch filled composite showed the highest tensile modulus, indicating blends with sago starch were much stiffer. This was because during processing, the starch granules did not melt and retained their granule shape. These granules were stiff and act as rigid fillers. Moreover, the modulus increased due to the stiffening effect of the starch granules, as the starch was stiffer than LDPE. Since the starch contains both amorphous and crystalline regions, the calculated starch moduli were averages which reflect the contribution of ease phase. Thus, sago starch was stiffer and more rigid compared to other starches. Table 5 show the relationship between flexural strength and modulus of the plasticized and unplasticized composites with respect to starch content as a function of different starches. The results showed that the flexural strengths and modulus of the plasticized and unplasticized composites were increased significantly with increase up to 30 wt% starch loading and then decreased. The results illustrated the fact that the properties of binary starch filled LDPE blend depended on the properties of the blend constituents. The flexural strength and modulus of all plasticized composites were higher than those of native LDPE and even higher than those of unplasticized composites. With an increase in the filler concentration, the strength of all composites increased until it reached up to 30% starch loading, which will then act as the stress concentration area because of the agglomeration that occurs inside the composite. The increased in modulus was suggested because as starch content was increased, filler-filler interaction became more pronounced than filler-matrix interaction. Another possibility for the high modulus was the fact that starch granules were not sufficiently melting and retained their shape as rigid filler during processing. As the starch content increased, particles were crowded and reduced the particle-matrix interaction. The composite samples became more rigid and stiffer than composites without starch. Starch granules were stiffer than the LDPE matrix in which they were dispersed. The flexural strength and modulus of plasticized composites were higher than those of unplasticized composites. The highest flexural strength of thermoplastic sago starch filled composite was achieved at 18.9 MPa for 30 wt% starch loading compared to 16.2 MPa for thermoplastic wheat starch filled composite at the same starch loading. The flexural modulus value showed the same trend as flexural strength, where the thermoplastic sago starch filled composite showed the highest flexural modulus followed by thermoplastic corn, potato, tapioca and wheat starch filled composites at 30 wt% starch loading. The flexural modulus of thermoplastic sago starch filled composite was achieved at 267.2 MPa, while the least value of thermoplastic wheat starch filled composite was 220.8 MPa. It was suggested that the weak interfacial bonding between starch interaction with LDPE matrix polymer causes imperfect alignment between starch and LDPE matrix in terms of void and dispersion, consequently reducing the degree of molecular orientation of blends [30] . Figure 5 and Table 5 show the effect of starch content on impact strength of plasticized and unplasticized composites, respectively. It was found that the impact strength shows a decrease with the increase of the filler concentration. This decrease is attributed to a transition from ductile to brittle in the behavior of the material. The decrease in impact strength upon increase in starch suggested that filler-filler interactions were more closed than filler-matrix interactions. Another possibility for the low impact strength was that starch did not melt and retain its shape as rigid filler during processing [31] . The particles aggregated and reduced the particlematrix interaction with reduction in impact strength; starch does not appear to toughen the composite but had initiated crack failure. Impact strength exhibited similar trends as were observed for tensile results; decreases in impact were found with increase in composition of starch. Native LDPE was observed to have an impact strength of 1.64 J/mm 2 . For thermoplastic sago starch filled composite only, 5% and 10% starch content has reduced to approximately 35-38% of impact strength 1.06 J/mm 2 and 1.01 J/mm 2 , respectively. Further reduction of composite was observed for 20-30% starch, which had a reduction down to 0.82 J/mm 2 and 0.78 J/mm 2 , respectively. However, a slight improvement of the impact strength was observed for thermoplastic potato starch filled composite. This improvement reflects the development of interactions between the two phases composing the material. The impact strength of thermoplastic potato starch filled composite was higher than that of thermoplastic sago starch filled composite and even higher than other composites. When the filler particles are dispersed in the matrix, the particles act as the concentration of stress, which leads to the formation of cracks in the matrix. However, the cracks would be effectively stopped when they propagate to the surface of particles. Thus, if a large amount of cracks are created in the composite, which absorb the impact energy, the toughness of composites would be improved. 
Flexural properties
Figures 3 and 4 and
Impact properties
Dispersion of fillers in LDPE matrix
Because mechanical properties of the composites were affected by their morphology, the morphology of the polymer was investigated via SEM. SEM was used to study the tensile fracture surfaces of various types of composite samples based on LDPE/thermoplastic starch (10 wt%) blends, and the SEM microphotographs of the fracture surfaces at 100 × magnification are shown in Figure 6A -J. For the blends studied in this article, the major component (LDPE) forms the matrix and the minor component (starch) forms the dispersed phase. Flat surfaces with some domains were depicted for all starch composites, which appears to indicate phase separation. The poor adhesion between LDPE and starch seen on the fracture surfaces indicated a lack interfacial interaction and could explain the decrease in the mechanical properties following the addition of starch [29] . However, the cell morphology of different thermoplastic starches filled LDPE blends was observed to be totally different from that of the native LDPE. For higher magnification 100 × , it was observed that every blend shows a different structure. This indicates that the presence of different thermoplastic starches in the LDPE matrix significantly changed the cell morphology, as the fillers tangled and wove with each other in the cell structure. In other words, the presence of starch ruptured the continuous LDPE matrix and deteriorated the cell morphology of the blend. Nevertheless, the thermoplastic sago starch filled composites have produced a good structure compared to other thermoplastic starch filled composites, which was homogeneous and had nearly no cluster ( Figure 6C and D) . The homogeneous matrix of these composites is a good indicator of their structural integrity, and consequently good mechanical properties would be expected.
Water absorption
Water molecules may act as a natural plasticizer for starch, which helps render starch flexible as compared to hard and rigid filler in its completely dry state [32] . Water absorption characteristics of the manufactured composites against immersion time are shown in Figure 7 . It can be seen that the rate of water absorption (%) for thermoplastic wheat starch and thermoplastic tapioca starch filled composites was high in the first 7 days, after which a steady state was reached indicative of saturation. Rapid water absorption was observed within a few days of immersion, but this decreased slowly with time. LDPE did not swell proportionally with starch, because it was poorly water absorbed. The decrease in the rate of water absorption with time of immersion could be due to a concentration gradient across the materials. Initially, water molecules added to starch particles were strongly bonded as in a hydrate. Water penetrated into the composites and bonded to the hydroxyl group of starch granules which swelled and reduced the gap between their molecules and the space to the matrix molecules. It was difficult for water to diffuse, thus the rate of water absorption was reduced. In addition, the water molecules could saturate the surface of the synthetic polymer/starch composites easily and also penetrate into the composites through voids, resulting in higher water absorption in a short exposure time. From Figure 7 , it can be seen that thermoplastic sago starch and thermoplastic corn starch filled composites showed the lowest percentage of water absorption compared with other composites, which showed lower water absorption rates. A feasible explanation was that water absorption decreased as the amylose content increased in the starch blends. Sago and corn starch have higher amylose content than potato, tapioca and wheat starch [11] . Therefore, thermoplastic sago starch and thermoplastic corn starch filled composites showed lower water absorption compared to thermoplastic potato, tapioca and wheat starch filled composites.
Conclusions
The physico-mechanical and morphological properties of different starch filled LDPE composites at various starch weight percentages were investigated in this study. In order to improve the physico-mechanical properties of the composites, different starches were modified with a plasticizer (glycerol). It was found that plasticized composites provided better mechanical properties than unplasticized composites. Mechanical properties including tensile modulus, flexural strength and flexural modulus of all plasticized composites were improved as starch loading increased, while the tensile strength and impact strength decreased as the starch content increased. The thermoplastic sago starch filled LDPE composites prepared with 30 wt% starch had a 16% increase in tensile modulus, a 20% increase in flexural strength, a 30% increase in flexural modulus, a 34% decrease in tensile strength and a 10% decrease in impact strength as compared to unplasticized composites. Thermoplastic sago starch filled LDPE composites showed paramount values of maximum tensile modulus, flexural strength and flexural modulus compared to other plasticized composites. MFI values of all thermoplastic composites decreased as the starch content increased, whereas the thermoplastic sago starch filled composites showed higher MFI values than other plasticized composites. Water absorption of different thermoplastic starche filled LDPE composites also revealed promising results. The thermoplastic sago starch filled LDPE composites showed less water absorption along with improved mechanical properties.
